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The results obtained in this paper are so different from 
those obtained in the previous paper, Some S2.udie-s i.n 
Terrestrial Endintion., t,hat i t  is necessary to review the 
whole position, to find the causes of the differenc.es and 
to estimate their significance. The chief differenc.e in the 
procedure adopted in the two papers is that' in the former 
we assumed that water vapor absorbs like a gray body; 
that is, the absorption is the same for all wave-lengths 
greater than 2 p ;  while in this paper each wave-length has 
been assigned its appropriate absorption. 

The former method may almost be dignified by t.he 
adjective c,lassical. It was used in all the papers \vhich 
have laid the foundation of our ideas on terrestrial radia- 
tion, among other by Humphreys.2 Gold (in pnrt,)," 
Emden,4 Hergesell16 and h'Iiigge.6 While most of the pre- 
vjous writers approached the problem from considerations 
of radiat,ive equilibrium, Hergesell and I approached it, 
from the point of view of the existing distribution of tem- 
perature and water vapor, and cdc.uluted the r:idiat,ion 
which would result froni t,hese concli tions without any 
consideration of how t,he t,emperatiire conditions art! 
maintained. 

Two outstanding results followed from my preirious 
paper which are now shown to be wrong, berause of bhe 
assumption that water vapor absorbs like a gray body. 
These are (a )  the outgoing radiation originates in the 
layers of the atmosphere which have temperatures he- 
tween 220' a and 286' a, and therefore are well within t,ho 
troposphere; and ( b )  the stratosphere provides an insig- 
nificant amount of terrestrial radiation. The new investi- 
gation shows that with clear skies in middle latitmiides the 
radiation is provided by the surface, t,he atmosphere and 
the stratosphere in the following proportions: Froin bhe 
stratosphere alone, 38 per cent; from the surface alone, 
32 per cent; and from the surfac.e atmosphere a.nd st,rat,o- 
sphere in different proportions, 30 per cent. The propor- 
tions are slightly different in different latitudes, while with 
overcast skies, the conbribution from the ground is rc- 
placed by a smaller contribut,ion from the clouds. 

Em- 
den found that the stratosphere sends no radiation clown- 
wards, and of ,  course the same result came out of my 
previous work. The new investigation shows that the 
stratosphere sends on the average a downward flus of 
longwave radiation of more than. 120 cal./cni.2/min., which 
is more than 43 per cent of the effective solar radiatim. 
This agrees with the observations made by Bngstrom on 
mountain peaks and in balloons, which revealed a down- 
ward radiation of between .13 and .16 cal./cm.2/min. 
at helghts between 4,000 and 5,000 metres, where, ac- 
cording to Emden,' there should have been less than .05 
cal./cm.'/ min. 

Any radiation which the stratosphere sends downwards 
has to be sent out again, therefore this amount has to be 

The new results affec,t previous work materially. 
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added to the flus of t,errestrial radiation which would he 
necessary to return the effective solar radiation alone. In  
ot,her words, t8he effechve solar radiation being .278, t,he 
outgoing radiation wossing tlie base of t,he stratosphere 
must be > 278  + .120,i. e .  > .39S c.al./cm.2/min. Emden 
and Humphreys have derived expressions which purport 
to give the temperat8iire of the stratosphere from consid- 
erat,ions of the radiabion c,rossing the base of the strato- 
splierc. Both have neglected t'he, long-wave radiation 
from the stratosphere which crosses its lower layers just 
as t,ht? t,crrest,rial radirttion crosses them, but8 in the oppo- 
sitme directmion. Bot8h 1i:tve assumed grey or nearly grey 
ndiation, so neglecting t,lie fact that a large proportmion of 
the t,errest,rial ra.diatioii i3 not, absorbed at, all 1.y the strato- 
sphere. l n  SIJ far as bot,h Emden and Humphreys simply 
equate  die aniountt of energy a1)sorhed to tlie amount 
e,rnit,t,erl tlivir i m t h o t l s  arc correct in principle; but as the 
niiriierical vdi.ies they ernploy far from represent' the facts, 
t,heir results arc of little value. I t  is little more than a 
coiiicidenct! t,liat, the expressions used by these investi- 
gfitors give eveu a11 approsimnte vslue for the tempera- 
ture of the stratosphere. 

The lesson to be learnt fiwii t,liis work is that t80tally 
niisleading results follow Doni the assumption that water 
vapour absorbs like a grey body, and that even qualitat,ive 
resid ts can not he obt,aineil on t,liat assumption. 

Many probleins of at,iiio:spheric radiation have appar- 
ently been solved by the use of this assumption, and in all 
t,hese cases the problems must be reexamined using the 
Bnown absorption of water vapour in t,he various wave- 
lengt,hs. At present we have no sat'isfact'ory answers to 
any of the following quest,ions: 
(a) Why does not the tempsrut'ure in the stratosphere 

decrease with height? 
( b )  Why does the temperature of t'he st'ratosphere in- 

crease as we pass from low to high latitudes? 
( c )  Why is the base of the slratosphere higher over 

equatorial t8han over polar regions? 
The answer to the first problem will probably involve 

c,onsiderat>ion of the high tcniperatures, a t  40 to 50 kilo- 
met8res above sea level, whic.11 we now associate wit,h the 
ozone layer; this was not ment8ioned by Emden, but was 
referred to by Humphreys in his first paper on this sub- 
ject. 

As to the two lat8ter questions we have as get no solu- 
tion in sight; but the controlling factor will probably be 
found to be in the dynamics of the troposphere rather 
than in the thermodynamics of the stratosphere. 

SUMMARY 

By using the observed t,emperatures of the earth's sur- 
face and of t,lie strat,osphere, ancl observed values for the 
absorpt,ion of coeffic.ient,s for wnt>er va.pour and carbon 
diosicle, approsiniate values have been ohained for the 
outgoing radiat,ion from the earth and.its atmosphere, and 
the laws governing nocturnal radiation have been indi- 
cated. Values have bean found for the horizontal transfer 
of heat across the circles of latitude which is necessary to 
obtain radiat,ive equilibrium of t$e atmosphere as a whole. 
The consequences of changes in t,he intensity of solar 
radiation have been investigated, and the conclusions 
drawn that change in cloud amount would be the chief 
agency by which radiative equilibrium would be restored. 
An increase in solar radiation would result in increased 
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cloud and precipitation, while a decrease in solar energy 
would lead to less cloud and less precipitation. The 
possibility of increased solar act,ivity leading to an "ice 
age " is discussed. 

presentas 
in this monograph of 73 ockavo pa.ges a, vast amount, of 
detailed experimental research, all of 1vhic.h bear wit'ness 
to the thoroughness of the study. It is quit'e impossible 
with the spa.ce at, c.ommand to present a. c,omprehensivt? 
review of the various aspects of tlie rese.:rrc.h. I shull 
therefore c o n h e  my remarks to those phases of the 
subject that, most appeal to similar studies in this country. 
Here foiest fires only are studied with reference to the 
associated weather conditions. The aut'hor's study, on 
the contrary, has t,o do with conflagrat'ions involving 
buildings, whether singly or in mass, as well as forest fires. 

A large part of the st,atistical mat,erial of t'he study was 
accumulated through the very simple espedient of burning 
the ordinary incense stic.k sold in the shops of Japan. 
This s tkk  is a thin cylinder with diameter nearly 1.15 
mm. and made mainly of powder of fragrant wood and 
partly of pine resih used as paste. When t'he upper end 
i s  lighted and the stick held upright it' burns down 
steadily without flame. 

If conditions remain the same it conbinues t,o burn 
always a t  a uniform rate. 

The incense stick is peculiarly sensit'ive t'o moist ure 
and absorbs i t  readily when exposed to the air, thus five 
sbicks so dried that their total weight was reduced to 
1.159 g. when exposed to the air became gradually heavier 
and after an exposure of 3 hours and 40 minutes reached 
a maximum weight of 1.259 g .  

The effect of the wind in the burnhig of an jnc,eiise 
stick was thoroughly investigated by means of a wind 
tunnel a.nd cleverly devised apparatus. It was found that 
the burning velocity 5.3 m/min. a t  dead'calm rises to the 
maximum 6.3 m/min. when the air current strength 
becomes 110 m/min. and then gradually deweases until 
the current velocity rises to 320 ni/min., when suddenly 
the fire in t,he incense stick goes out. 

With respect to t,he variation of t,hn wat.er coiit,ent, of 
t8imber the aubhor c.onc,ludes : 

The weight of t#he timber varies in harmony with the change of 
relative humirlit.y, only differing with regard t.o time. The time 
may be retarded tiy several hoiirs, the actual amount of wliicli 
depends on the manner of the  variation of the humidity. 

His conclusions with respect t,o ot,her phases of t,he 
subject are summarized in t,he following paragraphs.--- 
8. J .  H .  

Suzuki on $res and the wenth.er.-The author 

SUM MA RB 

Burning every day several incense st,icks tlirnrrgli a year t.hc 
author has found that. they burn more rapidly in summer t,linn in 
winter, whilst the daily variation of their hurning velocity is suti- 
jected to  the changing relative humidity of surroiinding air. 
Further, using several other materials the influerice of humidity on 
t.he burning together with house fires is thoroughly investigabed. 
thus: 

1. The most iniportmt factor of the problem among the numer- 
ous meteorological elements is the relat.ive humidity. 

2. The combustion of some substances is influenced, in large 
degree, by the variation of t.he ws.ter cluant.ity wit.hin when the!: 
burn in low temperature without. flame. 

3. The comljust.ion of soiiie substaiices is influenced Iiy t,he water 
quantity of air whcii they lurn  wit,h flame nnrl t,riiiprrat,ure is 
lnoderstely high. 

4. Thc combustioil of other substances is. if trnipernture is enor- 
liluusly high, corit.ro1led by t,lie humidity of air, but in t,he \VY:LY 
1-ontrary t,o the preceding; that  is, they burn strongly with i l l -  
creasing humidity. 

ture, Kyushu Imierial University, vol. 2, No. 1. 
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Seitaro Suzuki "The flres and the weather,'' Journal of the Department of Bgricul- 

5. The influence of wind on fires is not so remsrkable as i t  is 
nom believed. 

6. The fire stati3tirs in many cities and prefectures in Japan 
indicates that  t!ie outbreak of fires has the most intimate correlation 
with the relative humidity among many other meleorological 
e l rmcnt~ .  

7. The outhreak of fires undergoes a change pearly and daily. 
It corresponds iu many respects with the seasonal and daily 
variations of the moisture in timber, paper, and cloth, etc., in the 
room. 

Therefore we can concliide that  the relative humidity has the 
grent influence not o n l j ~  on the burning but, also on the fires. 

Solar coronc(s of lo, ,?O, and 3" i i ~  very clecrr sky (by 
Eric R. iViller).-Instend of the usual bright glare around 
the sun, I was surprised to see three bright rings, exhibit- 
ing the colors of the spectrum, when I looked at  the sky 
near the sun a t  11:45 a. m., August 31, 1928. These 
rings were so easily seen that I pointed them out to a 
number of persons, all of whom saw them easily. They 
lasted until about 3 p. ni., when increasing cirrus obscured 
them. I measured the red circles, which were most 
easily seen, and found the radii to be approsimately 
lo, 3O, and 3". The rings were again visible on Septem- 
ber 2. 

The sky was unusually clear. The usual measurement 
of sky polarization with Pickering polarinieter a t  8: 18 
a. m., August 31, when the zenith distance of the sun 
was 60°, gave a percentage of 77, which is unusually hi h. 

plienomenon, visible only when glare due to cloud, haze, 
and dust is tillsent. I have never seen them before, and 
recall no reference to them in the literature of meteoro- 
logical optics. If they have been previously described, I 
should appreciate having a reference to the publication. 

Recorded obseroations of the Hess ultragamma radiation 
at Muottns Jfuraigl (2,466 m.) (by G .  Ho#man and F. 
Lindholm) .-Summary : The increase in the ionising 
effect of penetrating radiation by the use of compressed 
carbonic acid gas for filling the ionisation chamber 
together with an electrometric compensating arran ement 
enables an accuracy of 1--2O/55 to be attained. Eontin- 
uous records of penetrating radiation are carried out a t  
Koenigsberg (at sea level) and a t  Muottas Muraigl 
(3,45G 111.) in the Upper Engadine, with a lead screen for 
shutting out, the softer rays from around. The intensity 
varies with the changes in barometric pressure, but in 
an irregular maniier. No siniple variation of intensity 
according to sidereal time elists. It, will be possible to 
draw further conclusions only after new and extensive 
observations have been made. By measuring the absorp- 
tion power of different protecting screens, diffusion effects 
are found which confirm the character of Hess radiation 
as ultra-y-radiation. 

hly surmise is that these rings are a regular so 7 ar 

METEOROLOGICAL SUMMARY FOR SOUTHERN SOUTH 
AMERICA, JULY, 1928 

By J. BU~TOS NAVARRETE 
[Observatorio del Salto, Santiago, Chile1 

During July the weather w-as relatively dry in central 
Chile and, but little rainy in tlie regions fart8her south. 
This was clue to two factors: (1) Diminished intensity of 
atmospheric circulation over the South Pacific. and (2) 
devist,ion t,oward bhe south in the mean path of the 
depressions, which usually reach the coast hetween lati- 
tudes 40" :md 45'. 

Depressions crossed the estreme south during the 
followiug periods: lst-ltli, 5tjh-7th, and 14th-15th. The 
first and second of these storms brought rain as far north 
as Concepcion; the third was of little iniport'ance and 


